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(57) Abstract: In a common rail gasoline fuel injection system having a high pressure fuel supply pump (14) in which fuel is pressur- 
ized in a pumping chamber and delivered through a high pressure passage (16) to the common rail (18), the improvement comprising 
a flow volume intensifier (22) situated in the high pressure passage (16). Preferably the intensifier has a cranking configuration 
in which a primary piston (32) of relatively low effective cross sectional area on which only the primary pressure of the pumping 
chamber is imposed, and a secondary piston (44) contacting the primary piston (32) and having a relatively large effective cross 
sectional area on which only the common rail pressure is imposed, whereby when the primary piston (32) is displaced a primary 
volume toward the secondary piston (44) by the primary pressure from the pumping chamber, the secondary piston (44) displaces a 
secondary volume of fuel into common rail (18) that is larger said primary volume. 
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FLOW INTENSIFIER FOR COLD STARTING GASOLINE 
DIRECT INJECTION ENGINE 

Background of the Invention 

5 The present invention relates to fuel injection systems for vehicle 

engines, and more particularly to common rail gasoline direct injection systems. 

The design of the high pressure fiiel pump for such common rail direct 
injection systems requires a number of trade-offs. For example, whereas the 
maximimi required fuel delivery rate while the vehicle is under way can readily 
10 be accomplished with a modestly sized pump, the demands for a cold engine 
start require a delivery rate on the order of three times higher than the maximum 
needed for travel. As a consequence, conventional pumps are considerably 
oversized relative to the fuel delivery demands experienced during over 95 per 
cent of the engine operating time. 

15 

Summary of the Invention 

Recognizing that the very high fuel delivery rate is needed for only a 
short period (a few seconds) during even the most severe cold start condition, the 
present inventor has solved this design problem not by oversizing the pump, but 

20 rather by incorporating an inline flow volume intensifier into the system. The 
intensifier can be either a stand-alone unit or it can be incorporated into the 
pump or into the rail. 

Preferably the intensifier has a cranking configuration in which a primary 
piston of relatively low effective cross sectional area on which only the primeiry 

25 pressure of the pumping chamber is imposed, and a secondary piston contacting 
the primary piston and having a relatively large effective cross sectional area on 
which only the common rail pressure is imposed, whereby when the primary 
piston is displaced a primary volimie toward the secondary piston by the primary 
pressure from the pumping chamber, the secondary piston displaces a secondary 

30 volimie of fuel into the common rail that is larger said primary volume. The 
intensifier transitions .from the cranking configxiration to a normal operating 
configwation when the secondary piston has been displaced to a limit position. 
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In the nonnal operating condition, a fluid connection of the high pressure fuel in 
the pumping chamber is effectuated with the fuel in the conmion rail 

Brief Description of the Drawings 

5 Figure 1 is a schematic of a portion of a common rail fuel injection 

system, with the flow volume intensifier according the invention, situated in 
series with the high pressure pump, in the high pressure line to the common rail; 

Figure 2 and 3 show one hardware implementation of the intensifier unit 
according to invention; and 
10 Figures 4-7 show the intensifier unit in various phases of operation. 

Description of the Preferred Embodiment 

Figure 1 is a schematic of a portion 10 of a gasoline common rail direct 
15 injection system, having a low pressure fuel feed line 12 delivering fuel to a high 
pressure pump 14. While the vehicle is underway during normal operation, the ' 
high pressure pump 14 and fuel line 16 maintain a pressure of, e.g., 120 bar or 
more, in the common rail 18, to which a plurality of injectors 20 are fluidly 
connected for injecting fiiel into respective engine cylinders according to a 
20 control system (not shown). According to the preferred embodiment to be 
discussed in greater detail below, a flow intensifier 22 is situated in series with 
the pump 16, in the high pressure line 16. 

Known plunger type pumps such as indicated at 14 can generate 120 bar 
pressure in a very short time, even at low R-PM. As only about 50 bar is needed 
25 to start a cold engine, the 120 bar pressure of the pump can be reduced in the 
intensifier 22, in exchange for gaining an inversely higher flow volimie to the 
rail 18. 

Figures 2 and 3 show one possible implementation of this inventive 
concept. The intensifier unit 22 comprises a tubular housing 24 having an inlet 
30 cap 26 sealing one end and an outlet cap 28 sealing the other end. The inlet cap 
has an inwardly extending collar 30 forming a cylinder in which is disposed a 
primary piston 32. An inlet passage 34 extends through the cap 26, for fluid 
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communication between the line 16 from the high pressure pump 14 and the 
cylinder 30 and thus against one end face of the piston 32. Another passage 36 
extends axially part way through the piston 32, and then extends radially to ports 
38 spaced from the end face 40. The collar 30 preferably has an outer diameter 
5 that is well within the inner diameter of the housing 24, thereby defining an 
annular expansion chamber 42. 

A secondary piston 44 has an end face 46 that abuts the end face 40 of 
the primary piston. This end face 46 is preferably formed with a nose or 
nipple, for reasons to be discussed below. The secondary piston 44 opens 
10 toward the end cap 28, thereby forming a seat for spring 48 and, with the 
surrounding portion of housing 24, defining an intensification chamber 50. A 
passage 28 through the end cap 52 fluidly connects the intensification chamber 
50 with the fiiel line 16 and common rail 18. 

A check valve and associated spring 54, 56 are situated in conjunction 
15 with a passage 58 extending between the face 46 of the secondary piston 44 
and the intensification chamber 50. The optional nose or nipple in face 46 
provides an offset for clearance between the passage 58 and end face 40 of the 
primary piston. 

Figures 4-7 show the intensifier imit 22 in various phases of operation. 
20 In these figures, the expansion chamber 42' and the nose on face 46 of the 
secondary piston are diminished. A thickened portion of the housing forms the 
cylinder for the primary piston 
32. 

Figure 4 shows the unit after the vehicle has been standing unused for 
25 almost two weeks, whereupon the system has depressurized and the pressure in 
lines 12 and 16 has reached atmospheric ( 0 bar). However, line 16 and all 
passages and chambers in the unit 22 are fiill of fuel. The springs 48 and 54 are 
rather weak, being merely sufficient to maintain the configuration shown in 
Figures 3 and 4. 

30 In Figure 5, the pump has started and quickly establishes a pressure of 

120 bar at the primary piston 32, thereby displacing the primary piston 
sufficiently (e.g., 1000MM3) to raise the rail pressure to, e.g., about 50 bar. 
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According to Figure 6, additional fuel quantity (e.g., 4900 nun3) is supplied to 
the rail at 50 bar by the secondary piston 44. The secondary piston travel 
displaces a higher volume of fuel at a lower pressure, thereby producing the 
desired flow intensification. 
5 Figure 6 shows the secondary piston bottomed out at the end cap after 

completing the intensification process. The primary piston 32 has been 
displaced such that the ports 38 reach the edge 60 of the structure defining the 
cylinder, thereby exposing the ports to the expansion volume 42'. As the 
secondary piston advances between the positions shown in Figures 4 and 6, the 
10 pressure in the expansion chamber 42' quickly reduces, but as the port 38 
reaches the cylinder edge, fuel rapidly enters the chamber 42' at a very high 
pressure differential. For this reason, a larger expansion volume 42 such as 
shown in Figure 3 is preferred, thereby reducing the pressure differential. 

After the expansion chamber fills with fuel, the pressure at both ends of 
15 the unit equalize at 120 bar and the unit becomes transparent to the remainder of 
the system 10. Fuel flows through passages 34, 36, ports 38, chamber 42', 
through passage 58 against the weak check valve arrangement 54,56, into 
chamber 50 and out passage 52. 

As shown in Figure 7, after the pump 14 is stopped, the inlet pressure in 
20 passage 34 reduces to 0 bar and the rail pressure returns some fuel back to the 
intensifier, resetting the pistons to the position shown in Figure 4. This also 
reduces the rail pressure, and therefor reduces the post-shutoff pressure buildup 
resulting from fuel expansion during heat soak. 

During hot start the engine will start instantly on residual pressure 
25 present in the rail. As soon as the intensifier secondary piston bottoms out, full 
pumping pressure will be available for injection. This initial phase can extend 
well into the normal engine operation phase without any harm. 
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Claims 

1 . In a common rail gasoline fiiel injection system having a high pressure 
fuel supply pump in which fuel is pressurized in a pumping chamber and 

5 delivered through a high pressure passage to the common rail, the improvement 
comprising a flow volume intensifier situated in the high pressure passage. 

2. The system of claim 1, wherein the intensifier has a cranking 
configuration in which a primary piston of relatively low effective cross 

10 sectional area on which only the primary pressure of the pumping chamber is 
imposed, and a secondary piston contacting the primary piston and having a 
relatively large effective cross sectional area on which only the common rail 
pressure is imposed, whereby when the primary piston is displaced a primary 
volume toward the secondary piston by the primary pressure from the pumping 

15 chamber, the secondary piston displaces a secondary volume of fuel into the 
common rail that is larger said primary volume. 

3. The system of claim 2, wherein the intensifier transitions from said 
cranking configuration to a normal operating configuration when the secondary 

20 piston has been displaced to a limit position, and means are effective in said 
normal operating condition for fluid connection of the high pressure fuel in the 
pumping chamber with the fuel in the common rail. 

4. The system of claim 3, wherein the means for fluid connection 

25 comprise flow passages through the pistons, which fluidly connected only when 
the intensifier is in said normal operating configuration. 

5. The system of claim 4, wherein the primary piston is a solid body 
having said flow passages extending axially fi-om an end face opposite the 

30 secondary piston, then radially outward to a primary piston port, and the 

secondary piston has a solid face confronting the primary piston and an open, 
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hollow body extending toward said stop limit, with said passage extending 
through said solid face. 

6. The system of claim 5, wherein a one-way valve is provided in said 
5 flow passages. 

7. The system of claim 5, wherein the primary piston is displaceable 
within a collar having an edge spaced from the solid face of the secondary 
piston, such that as the secondary piston reaches said stop limit, the port on the 

10 primary piston passes said edge and fuel from the pumping chamber enters said 
space, and passes through the solid face of the secondary piston. 

8. The system of claim 7, wherein a one way valve is provided in the 
passage through the solid face of the secondary piston. 

15 

9. The system of claim 1, wherein the intensifier has a crsmking 
configuration of pistons in which a primary volume of fuel pumped into the 
intensifier at a high pressure acts on a primary piston such that a greater volume 
of residual fiiel associated with a secondary piston is discharged from the 

20 intensifier to the common rail at a lower pressure, and a normal operating 

configuration in which all the fuel pumped into the intensifier at high pressure is 
discharged from the intensifier to the common rail at substantially the same 
pressure. 

25 10. The system of claim 9, wherein the high pressure pump delivers high 

pressure fuel to the intensifier at a pumping pressure above 100 bar and during 
the cranking configuration the intensifier delivers fuel to the common rail at a 
pressure less than about one-half the pumping pressure. 

30 11. The system of claim 9, wherein the high pressure pimip delivers high 

pressure fiiel to the intensifier at a pumping pressure above 120 bar and during 
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the cranking configuration the intensifier delivers fuel to the common rail at a 
pressure no greater than about 50 bar. 
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BASIC-ABSTRACT : 

NOVELTY - A vehicle internal combustion engine has a 
common rail gasoline fuel injection system(lO) 
supplied from a high-pressure fuel pump(14). The fuel 
is pressurised in a pumping chamber and delivered 
through a passage (16) to a common rail (18) and on to 
multiple fuel in j ector s ( 2 0 ) . A flow volume intensifier 
(22) is located in the high-pressure passage (16) to 
deliver high volume flows for a short period during 
cold starting of the engine. 

USE - As a flow intensifier for use in cold starting 
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common rail gasoline direct injection internal 
combustion engines . 

ADVANTAGE - The flow intensifier reduces the maximum 
flow required from the high-pressure pump. 

DESCRIPTION OF DRAWING (S) - The drawing shows a 
schematic of the fuel supply system. 

Fuel supply system (10) 

Low pressure feed line (12) 

High pressure pump (14) 

High pressure passage (16) 

Common rail (18) 

Fuel injectors (20) 

Flow volume intensifier (22) 
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